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Induction of DNA synthesis by ligation of the CD53 tetra- The extracellular matrix plays a major role in the orga-
spanin antigen in primary cultures of mesangial cells. nization of tissue structures. Different types of proteins,
Background. The interaction of mesangial cells with the ex- such as integrins, mediate the interactions between cellstracellular matrix plays a major role in kidney biology. Tetra-
and the extracellular matrix (ECM), but new proteins thatspanin proteins modulate cell interaction with the extracellular
modulate these interactions have been identified, suchmatrix. Tetraspanins form supramolecular structures on the
cell membrane that send signals after engagement by unknown as the tetraspanin proteins. Tetraspanin proteins consti-
ligands, modulate different signaling processes, and regulate tute a group of integral membrane proteins defined by
cell adhesion and motility.
their structural characteristics, with four transmembraneMethods. CD53 was determined by immunohistochemistry,
domains and two extracellular loops, the second loop con-and on the cell surface of cultured rat mesangial cells by flow
cytometry. Mesangial cell cultures were stimulated with MRC ferring their functional specificity [1, 2]. Currently there
OX-44 antibody. DNA synthesis was measured by thymidine are 28 members that include several CD antigens (CD9,
incorporation. Extracellular signal-regulated kinase (ERK) ac- CD37, CD53, CD63, CD81, CD82, CD151), and they aretivation was determined by Western blot.
present in different cell types such as lymphoid, epithelialResults. CD53 was present in mesangial cells in vivo and in
and muscle cells. Some of them (CD53 and CD37) haveculture. Ligation of CD53 antigen with a monoclonal antibody
triggered the induction of DNA synthesis, which was not sensi- a more restricted pattern of cell expression than others
tive to inhibitors of signaling pathways that use phosphatidyl- [1, 2], and in some tissues can form specific structures,
inositol 3-kinase (PI3K) and protein kinase C, or to calcium chan-
such as uroplakin in the bladder [3]. Tetraspanin antigensnel inhibitors, such as thapsigargin and verapamil. The DNA
have been detected either as free molecules or as inter-synthesis was inhibited by PD98059, a specific inhibitor of MEK
that prevents ERK1/ERK2 activation. In addition, ERK1 and acting with other tetraspanin proteins [4, 5], organized
ERK2 activation by phosphorylation occurred following CD53 in a macromolecular structure [2, 6]. Some of the tetra-
antigen ligation. The DNA synthesis was due to de novo synthe- spanins also interact with integrins, particularly thosesis and not to DNA repair as a consequence of the initiation
containing the 1 subunit [2, 6, 7], major histocompatibil-of apoptosis, determined by flow cytometry, and lack of proteo-
ity complex (MHC) class II antigens [8], T-cell receptorlytic activation of PARP by caspase 3. CD53 antigen ligation
also induced an increase in mitochondrial activity. [9], CD19 molecules [10], members of the immunoglobu-
Conclusions. To our knowledge this is the first identification lin superfamily [11], and some growth factor receptors,
of a tetraspanin protein in mesangial cells. CD53 antigen deliv-
such as epidermal growth factor receptor (EGFR) anders a signal that initiates DNA synthesis. This signal is mediated
the hepatocyte EGF-like receptor [12].by ERK1/ERK2 activation, but it is not sufficient to complete
the cell cycle. The functions of tetraspanin proteins are not well char-
acterized [13]. Tetraspanin proteins can influence several
biological processes, such as cell motility [14] and homo-
typic adhesion [15–18]. In tumors, low levels of tetraspanin
proteins are an indicator of high metastatic potential,Key words: CD53, tetraspanin antigen, apoptosis, proliferation, mesan-
gial cells, ERK, cell signaling. and this effect is correlated with the modulation of cell
motility [19]. Because of the complex pattern of tetra-
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The CD53 antigen expression is mainly restricted to the (TGF-), platelet-derived growth factor (PDGF) and
EGF were from Sigma (St. Louis, MO, USA). RPMIlymphoid-myeloid lineage, with very low levels in other
cell types [1, 20]. CD53 is proteolytically down-regulated 1640 supplemented with 10% fetal calf serum (FCS)
was from Flow Laboratories (Woodcock Hill, UK). Thein human neutrophils stimulated with different chemotac-
tic stimuli, such as platelet activating factor or N-formyl- inhibitors thapsigargin, verapamil, genistein, bisindolyl-
maleimide, piceatannol, wortmannin and PD098059 weremethionyl-leucyl-phenylalanine (fMLP) peptide [21]. The
CD53 ectopic expression might facilitate tumor migration from Calbiochem (San Diego, CA, USA). [3H]-thymi-
dine was from Amersham Biosciences (Little Chalfont,by the lymphatic system or reflect a phenotype of resis-
tance to radiation, as has been demonstrated by the over- UK). The biotin-streptavidin amplified detection system
(ABC Immunostain Systems) was from Santa Cruz Bio-expression of CD53 [22]. In addition, CD53 deficiency
has a clinical phenotype similar to those of inherited de- technology (Santa Cruz, CA, USA). The monoclonal
antibody MRC OX44 (anti rat CD53) was from Serotecfects of cell adhesion molecules, such as integrins [23].
Tetraspanin proteins are capable of sending intracellu- (Oxford, UK) and was used at 10 g/mL based on previ-
ous stimulation studies [25]. The PC10 monoclonal anti-lar signals by themselves. The CD53/OX44 antigen is the
most characterized tetraspanin antigen in rat cells [24]. body against proliferating cell nuclear antigen (PCNA;
BD Biosciences, Heidelberg, Germany), the monoclonalLigation of the rat CD53 antigen induces nitric oxide
production in rat macrophages [25] and homotypic adhe- antibody for PARP (Enzyme Systems Products, Liver-
more, CA, USA), and AC15 antibody for -actin (Sigma)sion in B-cell lymphomas [15]. The ligation of CD53 has
been shown to induce intracellular calcium mobilization were used at 1:5000 dilutions for the Western blots. The
mitogen activated protein (MAP) kinases ERK1 andin different cell types, such as human B-cells and mono-
cytes [26, 27] and rat macrophages [15, 25]. Ligation of ERK2 were detected with clone C-14 antibody from
Santa Cruz Biotechnology, diluted 1:5000 for Westernthe rat CD53 antigen mediates some signals through the
phosphatidylinositol 3-inositol kinase (PI3K) and pro- blot, and ERK1 and 2 phosphorylated in Tyr204 were
detected with monoclonal antibody clone E4 (Santatein kinase C (PKC) [25, 28]. CD53 induces specific struc-
tures in homotypic cell adhesion [15], which might form Cruz) diluted 1:10,000 for Western blots.
part of the glycosynapse [29].
ImmunohistochemistryRenal mesangial cells are pericytes placed in between
the glomerular capillary loops and are derived from the Rats were anesthetized with ether and renal perfusion
with ice-cold saline through the abdominal aorta wasmyeloid lineage. Many forms of renal diseases that pro-
gress to chronic renal failure are characterized by mesan- performed to wash the blood out from the remnant kid-
ney. A piece of the kidney, including cortex and medulla,gial cell activation, proliferation and, more prominently,
accumulation of mesangial extracellular matrix [30]. Fac- was trimmed and fixed by immersion in 4% buffered
formalin for one day. The blocks thus obtained were de-tors that control mesangial cell function include cyto-
kines and growth mediators, matrix components and hydrated and embedded in paraffin, and 3 m sections
were cut and mounted on glass slides. An antigen retrievalinteractions with other cells such as endothelial and epi-
thelial cells. Understanding the regulation of mesangial process was carried out on slides with citrate solution (Bio-
Genex, San Ramon, CA, USA) in oven for three min-proliferation is important for the design of therapeutic
strategies to alleviate or arrest proliferative glomerular utes. Then the slides were washed in phosphate buffer
and, after blocking endogenous peroxidase with hydro-disease.
There are no data on the presence or role of tetra- gen peroxide, incubated for 30 minutes at room tempera-
ture with the monoclonal antibody MRC OX44 at a 1:500spanin proteins in mesangial cells. Because tetraspanin
proteins can modulate cellular interactions with the ex- dilution, followed by a peroxidase label polymer ampli-
fied detection system (EnvisionSystem; Dako, Glostrup,tracellular matrix, as well as affect cell motility, the pres-
ent study searched for the presence of the CD53 antigen Denmark). The chromogen used was 3,3-diaminobenci-
dine, and then the tissues were counterstained with he-in primary rat mesangial cells. In addition, we examined
the effects of antigen ligation in order to determine if it matoxylin. Omitting the specific antibody in the first
incubation step controlled the specificity of the immuno-has, by itself, any biological effect that would indicate
its active participation in some aspects of mesangial cell staining.
biology, such as cell proliferation.
Primary mesangial cell culture
Kidney glomeruli were isolated from Wistar rats by
METHODS
successive mechanical sieving (150 and 50 m), treated
Reagents and monoclonal antibodies with 300 U/mL collagenase, and plated in 35 mm plastic
tissue culture dishes as previously described [31]. Cellsl-glutamine, penicillin, streptomycin sulfate, insu-
lin, transferrin, selenium, transforming growth factor- were grown in RPMI 1640 supplemented with 10% FCS,
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l-glutamine (1 mmol/L), penicillin (0.66g/mL), strepto- DNAse I to eliminate DNA. For Western blots, between
20 and 100 g of protein were loaded in the denaturingmycin sulfate (60 g/mL), 5 g/mL insulin, 5 g/mL
transferrin, and 5 ng/mL selenium and buffered with (7.5 to 10%) polyacrylamide gel. The proteins were
transferred to a PVDF membrane, Immobilon-P fromHEPES, pH 7.2. The culture medium was changed every
two days. Studies were performed on day 21 or 22, at Millipore (Bedford, MA, USA). Membranes were blocked
with 5% skimmed milk in PBS, and then incubated withwhich time epithelial cells were no longer detected in
the culture dishes. The identity of the cells was confirmed the specific antibody, followed by the secondary anti-
body, a rabbit anti-mouse IgG with peroxidase. Bothby morphological and functional criteria previously de-
scribed [32]. incubations were performed a room temperature for one
hour. After washing the filters, the signal was developed
DNA synthesis and cell proliferation with a chemiluminescence ECL kit from Amersham.
To determine cell proliferation, 15,000 mesangial cells
Mitochondrial activity assayswere plated in each dish in 24-well plates [33]. After 48
hours, cells were starved by withdrawal of the serum, The mitochondrial activity associated to proliferation
signals was determined using a cell proliferation kit frombut maintaining the complements (insulin and sodium
selenite). After 24 hours, 1 Ci of [3H]-thymidine was Roche Diagnostics (Me´ylan, France) based on the con-
version of the XTT tetrazolium salt to formazan thatadded to the cells and incubated for an additional six
hours. Afterwards the cells were washed with phosphate- correspond to cells metabolically active. Color develop-
ment was determined in a spectrophotometer multiwellbuffered saline (PBS) and DNA was extracted by addi-
tion of cold trichloroacetic acid at 10% for 15 minutes. plate reader at 492 nm.
The supernatant was removed and the cells were incu-
bated with 1 mL of NaOH at 60C for 30 minutes with
RESULTS
occasional shaking. From this solution 500 L were
Expression of the OX44/CD53 antigen inmixed with scintillation liquid and the thymidine counts
mesangial cellswere measured in a Wallac1409 DSA scintillation counter
(Perkin-Elmer, Warrington, UK). The radioactivity was Mesangial cells are considered to originate from the
myeloid lineage, with some smooth muscle and endothe-normalized by determination of the protein concentra-
tion using a Protein assay kit (Bio-Rad, Richmond, CA, lial cell features, and therefore are likely to express some
tetraspanin antigens related with this lineage, such asUSA). Cellular proliferation also was determined by
staining of cell nuclei with violet crystal as previously CD53. First we determined the presence of the CD53
antigen in kidney tissue sections. In rat kidney glomeruli,described [34]. Briefly, the cells were fixed with 10%
glutaraldehyde for 10 minutes, and washed in PBS. Cell this antigen was detected in mesangial and with less
intensity in endothelial cells (Fig. 1A). The presence andnuclei DNA was stained with a solution of 0.2% crystal
violet for 30 minutes in darkness. The plates were left level of the CD53 antigen in rat primary cultures of
mesangial cells was analyzed also by flow cytometry us-to air dry, 2 mL of acetic acid were added to the wells
and the absorbance at 595 nm was measured. ing the MRC OX44 monoclonal antibody, which was
specific for the rat CD53 antigen [24]. Primary cultures
Flow cytometry analysis of rat mesangial cells expressed the CD53 antigen as
demonstrated by flow cytometry (Fig. 1B). The levelThe cells were analyzed after staining with the appro-
priate monoclonal antibody or with propidium iodide of CD53 antigen appeared to be dependent on growth
conditions. In cells deprived of FCS, and thus resting orin a FACScalibur flow cytometer (Becton-Dickinson,
Lincoln Park, NJ, USA). The monoclonal antibody MRC with a low proliferation rate, there was a lower CD53
membrane levels than in cells proliferating in a mediumOX44 against rat CD53 was used at a dilution of 1:100
for flow cytometry and at 1:50 for immunofluorescence. with 10% FCS. Resting serum-starved cells had a more
heterogeneous level of CD53 expression, as shown byThe secondary antibody was a FITC-labeled anti-IgG.
its broader peak in flow cytometry analysis (Fig. 1C).
Protein extracts and Western blot analysis
Stimulation of DNA synthesis by ligation ofCells were washed in PBS and lysed in a buffer con-
the CD53 antigentaining 150 mmol/L NaCl, 0.25 mmol/L phenylmethylsul-
fonyl fluoride (PMSF), 1% Triton X-100, 1 mmo/L NaF, Different types of membrane proteins can trigger a
growth response in many cell types. Primary renal mes-100mol/L Na orthovanadate, 2g/mL aprotinin, 2g/mL
leupeptin, and Tris-HCl 10 mmol/L, pH 8.0. For determi- angial cells in situ have a slow growth rate under physio-
logical conditions, probably due to the lack of adequatenation of the PCNA antigen the buffer also contained
0.1% sodium dodecyl sulfide (SDS) and 1% Na deoxy- stimulation in its extracellular environment. Because li-
gation of tetraspanin antigens on the cell surface cancholate. Cell lysates were treated with 100 U/mL of
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Fig. 1. CD53 expression in rat mesangial cells. Expression of CD53 by
immunohistochemistry in rat kidney slides. In the glomeruli, CD53
expression is mostly expressed in mesangial cells (arrows) and more
weakly in endothelial cells. At the top is a view of the field, in the mid-
dle a mesangial cell is shown and at the bottom is the negative control
staining (A). Flow cytometry analysis of mesangial cells isolated from Fig. 2. Induction of DNA synthesis by CD53. (A) Induction of DNA
normal Wistar rat grown either in the presence of fetal calf serum (B) synthesis in Wistar mesangial cells by ligation of the CD53 antigen with
or deprived of serum (C ). As the negative control, an isotype-matched monoclonal antibody MRC OX44. (B) Effect of time on the incorpora-
antibody was used. tion of DNA synthesis induced by OX44 ligation in mesangial cells.
The incorporation of thymidine was performed either as six hour pulses,
the last six hours of each day (), or as a continuous incorporation by
the presence of thymidine from the start ( ), reflecting the overall
metabolism, synthesis and degradation, of DNA. Results are the meantrigger cell growth in some cell types [35], we tested if
SD of four experiments (**P  0.01; ***P  0.001). Controls were inthe CD53 antigen in mesangial cells was able to generate the presence of a non-specific antibody.
a signal in response to its ligation with the MRC OX44
antibody, a situation that might mimic the engagement
of this membrane protein by the extracellular matrix. As [3H]-thymidine pulses (between 18 to 24 hours of each
control, cells were similarly incubated with an isotype- day), or as a continuous [3H]-thymidine incorporation.
matched non-reactive antibody. Before stimulation with The pulse experiment showed that thymidine incorpora-
the antibody the cell culture was synchronized by serum tion was much higher the first day (Fig. 2B), and there
deprivation for 24 hours. The synchronization and accu- was a drop in the daily incorporation in the remaining
mulation of cells in the G1 phase was confirmed by flow days. These results suggested that after antibody addi-
cytometry (not shown). Next the antibody was added tion there was a burst signal for DNA synthesis that was
and its effect on [3H]-thymidine incorporation to DNA not maintained in the following days, where the in-
was determined. CD53 antigen ligation induced an in- corporation appeared to drop. On the other hand, when
crease in [3H]-thymidine incorporation, which might be [3H]-thymidine was present all the time in the medium,
a consequence of either DNA replication or DNA repair thus reflecting the balance between DNA synthesis and
(Fig. 2A). degradation, there was an overall increase in its accumu-
Next, DNA synthesis after CD53 ligation was deter- lation, but the peak in the first day also was detectable
(Fig. 2B).mined in two different ways, either as daily six-hour
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Fig. 3. Effects of signaling pathway inhibitors on de novo DNA synthe-
sis induced by CD53 ligation in rat mesangial cells. The thymidine
incorporation was determined in the presence of PKC inhibitor (bis-
indolylmaleimide at 100 nmol/L), PI3K inhibitor (wortmannin at 100
nmol/L), MEK inhibitor (PD 098059 at 10mol/L), and tyrosine kinases
inhibitors (genistein at 10 ng/mL and piceatannol 100 nmol/L). The
MEK kinase inhibitor prevented the incorporation of thymidine. Re-
sults are the mean  SD of four experiments (**P  0.01; ***P 
0.001).
Effects of inhibitors of signaling pathways on
the DNA synthesis induced by CD53
Fig. 4. Implication of ERK in the CD53 response. (A) Phosphorylation
In an attempt to identify the signaling pathways impli- of ERK kinase induced by CD53 ligation. The proliferation signals
were analyzed following addition of the antibody. The upper blot showscated in this proliferative response, several inhibitors
the detection of phosphorylated ERK1 and ERK2, and the lower blotwith specificity for known intracellular signaling path- shows the total amount of ERK1 and ERK2 in the cells detected with an
ways were used. The inhibitors used were: wortmannin, anti-ERK antibody. (B) The normalization of phospho-ERK protein with
respect to total ERK protein. Symbols are: () ERK1; ( ) ERK2. Resultsan inhibitor of the phosphatidylinositol 3-kinase (PI3K)
are the mean  SD of four experiments (**P  0.01; ***P  0.001).catalytic activity; genistein and piceatannol, two tyrosine
kinase inhibitors; and bisindolylmaleimide, a competitive
inhibitor of protein kinase C (PKC). All of them were
used at the concentrations indicated in the Figure 3 leg- lation in Tyr204 was determined. Extracts from stimu-
end, which minimized their potential toxicity with time, lated and control cells were analyzed by Western blot
and have been used previously in other studies related with a specific antibody against ERK phosphorylated in
with the rat CD53 antigen [15]. None of these inhibitors residue Tyr204, and this signal was normalized with the
had any significant effect on the DNA synthesis induced level of ERK protein present in the extract. As shown
by ligation of the CD53 antigen (Fig. 3). However, the in Figure 4, the ligation of CD53 with the monoclonal
signal triggered by CD53 ligation and its effect on DNA antibody (mAb) MRC OX44 induced a transient phos-
synthesis was completely abolished by the addition of phorylation of both ERK1 and ERK2 that reached a
PD 098059 (Fig. 3), a highly specific inhibitor of MAPK/ maximum between 7 and 10 minutes after antibody addi-
ERK kinase (MEK), a kinase required for activation of tion. We conclude that CD53 ligation induces a stimula-
extracellular signal-regulated kinase (ERK) by phos- tory signal mediated by these kinases.
phorylation [36].
DNA synthesis is the result of an abortive progression
ERK is implicated in the response to CD53 of the cell cycle and not to DNA repair
antigen ligation To test if the increase in DNA synthesis after CD53
The use of specific kinase inhibitors suggested that the ligation was indeed the start of a proliferative response
ERK family of MAPK was implicated in the signal trig- that did not progress any further, we analyzed the pro-
gered by CD53 ligation. There are two ERK proteins (1 gression of the cell cycle under the same experimental
and 2) that can be activated by phosphorylation in conditions used in the flow cytometry studies. After the
Tyr204. To confirm that the ERK1 and ERK2 indeed addition of the antibody there was a small increase in
the S-G2 phase that did not progress any further, andare activated by CD53 ligation, their specific phosphory-
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antibody, we determined the level of PARP, a protein
of 113 kD that appears as a smaller band of 89 kD when
caspase 3 has been activated. The level of 113 kD PARP
protein and of its proteolytic fragment either did not
change or was slightly smaller in cells treated with the
antibody with respect to the control (Fig. 5B). The analysis
of total DNA did not show the apoptotic ladder in cells
treated with MRC OX44 antibody (not shown). Also,
we determined the changes in PCNA (proliferating cell
nuclear antigen), associated with DNA polymerase ,
and a component of nucleotide excision repair systems.
The levels of PCNA were similar in mesangial cells stim-
ulated with MRC OX44 antibody and in the controls
(Fig. 5B), suggesting that there was not an increase in
DNA repair in these cells. These observations suggest
that the apoptotic pathway was not activated by ligation
of the CD53 antigen.
Effect on cell proliferation
Mesangial cells have an irregular shape and have a
heterogeneous distribution in culture that makes it diffi-
cult to count the cells. To confirm independently the ef-
fect induced by the ligation of CD53 and detected by flow
cytometry, the total nuclear number in the mesangial
cell culture dishes was determined using a colorimetric
method based on staining by violet crystal and measuring
the absorbance at 595 nm, which was proportional to the
number of nuclei in the culture. The addition of MRC
OX44 antibody induced an increase in absorbance with
respect to control cells, which, while significant, did notFig. 5. Effects of CD53 ligation on cell cycle. (A) Flow cytometry
represent an increase larger than 20% (Fig. 6A). Thisanalysis of the population of mesangial cells at 72 hours after antibody
addition. The increased in the synthesis phase after antibody addition observation was consistent with the increase in DNA
with respect to its control is indicated by the increase in the M3 (S synthesis described earlier in this article.phase)  M4 (G2-M phase) windows, which combined represent a 5%
increase, accompanied by a similar decrease in the M2 window (G1).
Stimulation of mitochondrial activity(B) Western blots showing the level of PARP and PCNA antigens in
control and OX44 treated cells. Gel loading was determined by per- The level of mitochondrial activity is an indirectforming a Western blot with an antibody specific for -actin.
method for determining an increase in cell proliferation,
since there is an increase in energy demand during prolif-
eration. The mitochondrial activity of mesangial cells
that in the end resulted in a minor increase in cell death, stimulated with MRC OX44 was determined using a
a typical response to a blockade of cell cycle progression. colorimetric assay based on the determination of color
This was best illustrated by the flow cytometry pattern development by degradation of tetrazolium salt. The ad-
of propidium iodide staining at 72 hours after antibody dition of MRC OX44 to the culture medium produced an
addition. The decrease in the M2 (G1 phase) window (5% increase in the level of mitochondrial activity (Fig. 6B),
reduction, from 63 to 57) was accompanied by a similar which was also significant in a manner consistent with
increase in the M3  M4 windows (S  G2/M phases), the data of flow cytometry and thymidine incorporation.
from 28 to 34% (Fig. 5A) when the antibody was present.
This observation indicates a minor increase in DNA syn-
DISCUSSIONthesis, consistent with the findings in thymidine incorpo-
Mesangial cell proliferation is a major characteristicration experiments.
of several renal diseases that progress to end-stage renalActivation of the apoptotic pathway and subsequent
failure [30]. Understanding the regulation of mesangialDNA damage also could cause incorporation of thymi-
proliferation is important for the design of therapeuticdine in the partially degraded DNA, particularly at the
strategies to alleviate or arrest proliferative glomerularbeginning of the process as the cell attempts to repair
it. To assess if apoptosis was triggered by MRC OX44 disease. Among the factors that control mesangial cell
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effect on MRC OX44-induced DNA synthesis. These
results open up a new type of pathway to ERK-mediated
responses, but how the tetraspanin CD53 antigen trans-
mits this signal to reach ERK1/2 is not known. The use
of different types of inhibitors rules out pathways that
are activated by CD53 ligation in other systems, such as
PKC or PI3K [25, 38]. The ligation of CD53 antigen
induces de novo gene expression, such as the inducible
nitric oxide synthase in macrophages [25]. This effect is
partly mediated by PKC, because CD53 ligation induces
translocation of this kinase to the cell membrane and is
sensitive to its inhibitors [25]. In addition, the physical
association between tetraspanins and PKC was demon-
strated [38], which necessarily has to be a secondary
event following translocation of PKC to the plasma mem-
brane, and thus is likely to be a consequence of the
diacylglycerol induced by tetraspanin antigens [25, 39].
However, nothing is known yet about additional down-
stream components for the signals that originate in a
tetraspanin antigen. In some lymphomas CD53 ligation
also activates the N-terminal Jun kinase [40]. All these
data combined suggest that CD53 can have a signaling
role by itself in addition to its ability to modulate other
signaling processes.
Because of the localization of tetraspanin proteins,
and their interaction with other proteins, it was expected
Fig. 6. Effects of OX44 ligation on cell number and mitochondrial that they should have signaling capacity by themselves,
activity of mesangial cells. (A) Increase in mesangial cell nuclei after and that they also should affect processes related to cellOX44 ligation. Staining with crystal violet and measuring the absorbance
motility and proliferation. In renal mesangial cells weat 595 nm quantitated the total amount of DNA. (B) Mitochondrial ac-
tivity of Wistar mesangial cells determined with XTT. Results are the have shown that the ligation of the CD53 antigen is
mean  SD of four experiments (**P  0.01; ***P  0.001). capable of initiating the de novo synthesis of DNA, but
this signal does not result in progression of the cell cycle.
In other cell types, such as a rat B-cell lymphoma [15, 28]
and macrophages [25], as well as in human B and T-cellfunction are: cytokines, growth factors, mechanical stress,
oxidative stress, high glucose, angiotensin II, endothelin, lymphomas [40], the ligation of the CD53 antigen is
capable of signaling by itself, independently of their pro-platelet activating factor, interaction with extracellular
matrix components, and even drugs such as aminoglyco- tein-protein interactions. Thus, ligation of rat CD53 can
induce homotypic cell adhesion, a process that requiressides [37]. Therefore, cultured mesangial cells constitute
an important tool for studying pathophysiological events de novo protein synthesis [15]. Ligation of human CD53
has been shown to induce initiation of the G1 phasesuch as mesangial expansion, scarring, and glomerulo-
sclerosis. of the cell cycle in B-cells [26]. In that latter situation,
additional signals are required to complete the progres-To date, there have been no published data on the
possible role of tetraspanin proteins in mesangial cell bi- sion through the cell cycle.
Many proliferation signals are mediated by the activa-ology. Our current report demonstrates the presence of
one of these membrane proteins, CD53, in glomerular tion of the ERK pathway, most of them in responses
mediated by receptors with tyrosine kinase activity [41].mesangial cells in situ and in primary cultures of rat
mesangial cells. In addition, CD53 antigen ligation with Proliferative responses in renal mesangial cells are trig-
gered by a variety of receptor proteins, and some of themits specific antibody MRC OX44 induces the initiation
of DNA synthesis. This response is mediated by ERK1/ have been demonstrated to be mediated by the ERK path-
way. Among them are the chemokine receptor CXCR3ERK2 activation, as CD53 antigen ligation with its spe-
cific antibody induces the phosphorylation of ERK1 and [42], EGF [43], PDGF [44], bradykinin [45] or endothelin
[46]. ERK-mediated proliferative responses of mesangialERK2, and the blockade of this pathway prevents from
the MRC OX44-induced DNA synthesis. In addition, cells also occurred in situations of mechanical stress, such
as stretching [47], in the presence of glycated albumin [48]this response does not seem to be mediated by a tyrosine
kinase receptor, as tyrosine kinase inhibitors have no or in hyperglycemia [47]. Transient activation of ERK
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ture of the asymmetric unit membrane of the mammalian urinaryis related with proliferative signals, while sustained ERK
bladder epithelium: A closed “twisted ribbon” structure. J Mol Biol
stimulation result in cell differentiation [49]. It has been 248:887–900, 1995
proposed that cell signaling mediated by ERK and initi- 4. Mannion BA, Berditchevski F, Kraeft S, et al: Transmembrane-
4-superfamily proteins CD81 (TAPA-1), CD82, CD63, and CD53ated in the cell membrane are the result of signaling
specifically associate with integrin a4b1 (CD49d/CD29). J Immunolcomplexes that are anchorage dependent and have been 157:2039–2047, 1996
called the signalosome [50]. In this context, tetraspanin 5. Rubinstein E, La Naour F, Lagaudriere-Gesbert C, et al: CD9,
CD63, CD81, and CD82 are components of a surface tetraspanproteins, because of their ability to organize signaling
network connected to HLA-DR and VLA integrins. Eur J Immu-complexes on the cell membrane, which includes growth nol 26:2657–2665, 1996
factor receptors and integrins, might represent the out- 6. Berditchevski F: Complexes of tetraspanins with integrins: More
than meets the eye. J Cell Sci 114:4143–4151, 2001ward face of the signalosome that interacts with the ex-
7. Hemler ME: Specific tetraspanin functions. J Cell Biol 155:1103–tracellular matrix. The signal initiated in CD53 is likely 1108, 2001
to be a survival signal indicating proper interaction with 8. Angelisova P, Hilgert I, Horejsi V: Association of four antigens
of the tetraspan family (CD37, CD53, TAPA-1, and R2/C33) withthe extracellular matrix rather than a growth signal. With
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